three major fields of research: fungicides, herbicides, and insecticides. The article focuses on libraries with published biological activities, and highlights some characteristic features of successful agrochemical libraries, which may be fundamentally different from pharmaceutical libraries (Comb. Chem. High-Throughput Screen., 2005, 8, 563) .
Recent Advances in Microwave-Assisted Combinatorial Synthesis and Library Generation
Progress and developments made in microwave-assisted combinatorial synthesis and library production since 2002 are reviewed by T. Lange and S. Lindell. The use of microwave technology in both solution-and solid-phase syntheses is discussed with special reference to agrochemical applications (Comb. Chem. High-Throughput Screen., 2005, 8, 595) .
Synthesis and Agrochemical Screening of a Library of Natural Product-like Bicyclo[2,2,2]octenones A general route to a series of differentially substituted bicyclo[2,2,2]octenones has been developed by S. C. Smith et al., making use of the in situ intramolecular Diels Alder reaction of masked ortho-benzoquinones. This approach is used to synthesize a series of 13 key acid-containing templates from which a solution-phase discovery library of 1126 diverse amides is then constructed. The rigid polycyclic nature of the templates and the prevalence of oxygenated functionality confer natural product-like qualities and three-dimensional diversity. The library is screened in HTS in vivo against a number of weed, insect, and fungal model organisms leading to the discovery of a novel series of herbicidally active compounds (Comb. Chem. High-Throughput Screen., 2005, 8, 607) .
Parallel, Solution-Phase Synthesis of Dihydropyridine Miticides Via a Versatile Multicomponent Reaction C. W. Holyoke et al. report the preparation of a novel class of highly active dihydropyridine miticides by using a multicomponent reaction process. The initial lead is rapidly optimized using solution-phase parallel synthesis techniques and a positional scanning approach. Detailed structure-activity relationships are developed for the amino and carbonyl components of the molecule, and used to select the best candidates for broad-field testing (Comb. Chem. High-Throughput Screen., 2005, 8, 617) .
The Design and Synthesis of a Herbicide Targeted Library of N- Alkyl]-6-Alkyl-1,3,5-Triazine-2,4-Diamines W. Giencke et al. convert amino acids that have been immobilized by attaching them via a carbamate linker to Wang resin to 1-(1,3-benzoxazol-2-yl)alkanamines over three steps. This is followed by coupling these intermediates with 4-alkyl-6-chloro-1,3,5-triazine-2-amines to furnish the desired N-[1-(1,3-benzoxazol-2-yl)alkyl]-6-alkyl-1,3,5-triazine-2,4-diamines. Physico-chemical property profiles are used to support design and development of a combinatorial library. The described synthetic methodology is validated with the production of a herbicide targeted library of 300 members (Comb. Chem. High-Throughput Screen., 2005, 8, 623) .
Automated Synthesis and Purification at Bayer CropScience Chemistry Frankfurt
The Automated Synthesis and Purification team at Bayer CropScience in Frankfurt provides services and support in the areas of synthesis and postsynthesis activities for research chemists. J. Zindel describes their workflow and the special robotic systems that are used to produce small-to mediumsized compound libraries by application of liquid-phase synthesis techniques. An example of a compound library taken from the herbicide area is given (Comb. Chem. High-Throughput Screen., 2005, 8, 631) .
Solid Supported Synthesis of Phosphinates Via
Palladium (0) Catalyzed Coupling Reactions K. Haaf has developed a palladium-catalyzed coupling reaction of aryl iodides with hypophosphorous acid derivatives on the solid phase to gain a broad access to phosphinic acid derivatives. The resulting arylphosphorous acids (or esters) are derivatized using addition reactions with aldehydes, imines, and isocyanates, to give phosphinic acids (or esters) with a-hydroxy, a-amino, or aminoacyl groups attached to the aryl phosphorus moiety. This approach provides a broad chemical entry into a class of polar phosphinate compounds that are rather difficult to handle using normal solution-phase synthesis. The use of solid-phase methodology means that the phosphonic acids are released into solution only in the final cleavage step. This considerably simplifies the handling and purification issues commonly associated with the synthesis of such polar compounds in solution. The synthetic potential of this solid phase-based methodology was demonstrated by the synthesis of a 2000-member library of organophosphorous compounds against the enzyme dihydrodipicolinate synthase (Comb. Chem. High-Throughput Screen., 2005, 8, 637).
Polymer-Assisted Solution-Phase Synthesis of 4,5-Dihydro-1,4-Benzoxazepin-3(2H)-Ones
Polymer-assisted solution phase synthesis of 4,5-dihydro-1,4-benzoxazepin-3(2H)-ones is described by C. Paulitz et al. By using salicylic aldehydes, a-bromo acetic acid esters, and primary amines as broadly variable building blocks, the target molecules are obtained in a straightforward manner. The use of polymer-bound reagents and scavengers greatly simplified workup and avoided the use of protecting groups. A small library was prepared, showing the feasibility of the synthetic concept for the generation of larger sets of screening compounds (Comb. Chem. High-Throughput Screen., 2005, 8, 643).
The Design, Synthesis, and Screening of a Muscarinic Acetylcholine Receptor-Targeted Compound Library S. D. Lindell et al. report the discovery of potent new agonists of the insect muscarinic acetylcholine receptor by synthesizing and screening a library of 225 oxime ether amines. Library evaluation is facilitated by the development of a high-throughput test enabling the rapid determination of muscarinic agonist activity. The most interesting thiadiazole and isoxazole compounds are potent muscarinic agonists (EC50 13 and 21 nM) and show lead levels of insecticidal activity (Comb. Chem. High-Throughput Screen., 2005, 8, 649).
Plate-to-Plate Fluorous Solid-Phase Extraction for Solution-Phase Parallel Synthesis
A commercially available Argonaut VacMaster-96 plateto-plate solid-phase extraction (SPE) station equipped with 24 FluoroFlash cartridges is used by W. Zhang et al. for parallel purification of fluorous reaction mixtures. Each cartridge charged with 3 g of fluorous silica gel has the capability to produce up to 100 mg of purified small molecules. The 24-well receiving plate has a standard footprint that can be directly concentrated in a Genevac vacuum centrifuge. Important issues such as sample loading, product cross-contamination, cartridge reuse, and reproducibility are investigated. The SPE system is demonstrated in the purification of three small libraries that are produced via amine scavenging reactions with fluorous isatoic anhydride, amide coupling reactions with 2-chloro-4,6-bis[(perfluorohexyl)propyloxy]-1,3,5-triazine, and amide coupling reactions with a newly developed fluorous Mukaiyama condensation reagent (J. Comb. Chem., 2005, 7, 893).
Catalytic Reaction Engineering for Green Chemical Processes
Catalytic Reaction Engineering for Green Chemical Processes is a project recently described by Akira Igarashi (J. Chem. Eng. Japan, 2005, 38, 779).
The project is aimed at establishing the hybrid field of catalytic reaction engineering to bridge the large gap between nanoscale catalytic chemistry and macroscopic chemical reaction engineering. The research is divided into three areas. The first area, the creation of reaction fields using structured catalysts, focuses on the development of structured catalytic reactors as a catalyst/reactor system to propose new reaction fields to replace the conventional packed-bed catalytic reactor. The scientists aim to improve heat transfer, reaction separation, and active species control in the reaction field. Some results are a developed plate-type catalyst with improved heat conductivity and a synthesized hydrothermal Y-type zeolite membrane on a porous a-alumina support tube.
The second area, the control of catalytic functions using reaction fields, clarifies the effect of the reaction field with respect to optimization of catalytic functions. The working group finds that the partial oxidation activity of silicomolybdic acid for menthol depends on the heating rate and the initial composition and a new bimodal catalyst with special pores.
The third area is the design of catalytic reaction fields for achieving green chemical processes. One field of study in this area was to clarify the role of catalytic chemistry in catalytic reaction engineering in terms of the effect of the reaction field on catalytic reactions considering both reaction engineering and chemistry. The clarification of the activity enhancement mechanism for the Ag/Al 2 O 3 catalyst in the selective reduction of NO in a hydrogen reaction field through in situ spectroscopy is one representative result.
MICROFLUIDIC CHIP TECHNOLOGY AND MICROREACTOR TECHNOLOGY

Controlled Autocatalytic Nitration of Phenol in a Microreactor
Nitration reactions often show extremely exothermic behavior, and when combined with the explosion potential of many nitro compounds, this places them among the most hazardous industrial processes. Therefore, continuous processes are attractive for safety reasons because of the much smaller reaction volumes used. Laurent Ducry and Dominique M. Roberge demonstrate that a glass microreactor with a 10 Â 0.5-mm channel width and 2.0 mL internal volume can be used successfully for the nitration of phenol. Higher yields of nitrophenols compared to batch reactions can be obtained when the reaction is performed in the microreactor. Enhanced heat exchange, good mixing properties, and very rapid radical propagation in a confined volume are responsible for this result (Angew. Chem. 2005, 117, 8186).
A Microcapillary System for Simultaneous, Parallel Microwave-Assisted Synthesis
A continuous flow, microwave-assisted, parallel-capillary microreactor has been developed by Eamon Comer and Michael G. Organ. Libraries of drug candidates are prepared on the milligram scale with this reactor by injecting plugs of reagents from separate syringes into common reaction capillaries, thereby producing discrete compounds in excellent yield and purity. Microwave irradiation provides the necessary energy that existing room-temperature microreactor technology lacks for higher activation barrier transformations, producing the required amounts of desired compounds within minutes (Chem. Eur. J. 2005, 11, 7223).
Triphase Hydrogenation Reactions Using Palladium-Immobilized Capillary Column
Reactors and a Demonstration of Suitability for Large-Scale Synthesis S. Kobayashi et al. offer a practical and highly productive system for hydrogenation reactions using capillary column reactors that occupy less space than ordinary batch systems, are low cost and easy to handle, and show feasibility toward large-scale chemical synthesis. Palladium-containing micelles are immobilized onto the inner surface of the capillaries. Nine palladium-immobilized capillaries are assembled and connected to a T-shaped connector, and hydrogen and a substrate solution are fed to capillaries via the connector. Hydrogenation of 1-phenyl-1-cyclohexene proceeds smoothly to create phenylcyclohexane in quantitative yield. The capillaries themselves occupy only ca. 0.4 mL, and a high spacetime yield is achieved (124.3 mg/17 min/0.4 mL) (Adv. Synth. Catal. 2005, 347, 1889) .
The Claisen-Schmidt Reaction Carried Out in Microfluidic Chips
X.-F. Yin et al. report that the Claisen-Schmidt reaction of benzaldehyde in a microfluidic chip is more efficient than that in a round-bottomed flask with vigorous stirring. Slug flow is formed when the organic and aqueous phases are introduced through the microchannel with a width of 300 mm, which provides faster mass transfer than laminar flow (Synlett 2005, 20, 3163).
Grignard Exchange Reaction Using a Microflow System: From Bench to Pilot Plant
The Grignard exchange reaction of ethylmagnesium bromide (EtMgBr) and bromopentafluorobenzene (BPFB) to give pentafluorophenylmagnesium bromide (PFPMgBr) is carried out by H. Wakami and J.-I. Yoshida using smalland medium-scale microflow systems consisting of a micromixer and a microheat exchanger. The results indicate that the microflow systems are quite effective. On the basis of the data obtained, a pilot plant system is constructed. Continuous operation for 24 h was accomplished without any problem with obtaining pentafluorobenzene (PFB) after protonation (92% yield). The data obtained with the continuous operation using the pilot plant demonstrate that the microflow system can be applied to relatively large-scale production, and demonstrate the potential of microchemical plants in industry (Org. Process. Res. Dev. 2005, 9, 787) .
Innovative Reactors for Determining Kinetics of Highly Exothermic Heterogeneous Catalytic Reactions
The article in the Int. J. Chem. Reactor Eng., 2005, 3, A51, by Natasha Dropka et al. explains the basic principles of some new reactors for determining kinetics of high exothermic heterogeneous catalytic reactions, and illustrates their operation by case studies. Kinetic studies of catalytic gas-phase reactions are usually carried out in various types of fixed-bed reactors operated in steady state, applying a differential or integral mode of operation with respect to the degree of conversion of the key feed-component. This procedure fails, however, for highly exothermic reactions if severe temperature gradients exist. Temperature gradients can be overcome by fluidized-bed or gradientless recycle reactors.
The fluidized-bed reactor exhibiting highly dispersive and bubble flow leads to severe deviations from plug-flow or Continuously Stirred Reaction Tank (CSTR) behavior, which make the evaluation of kinetic data difficult and inaccurate or even impossible. The gradientless recycle reactor, however, has a well-defined CSTR behavior facilitating the evaluation of kinetic data because no differential heat and mass balances have to be solved.
More recently, isothermicity can be fulfilled by various reactors that can overcome these obstacles to isothermal condition requirements. These are temperature-scanning reactors, microstructured reactors, and transient reactors. The last operates at reduced pressure.
With a temperature-scanning reactor, the time requirement for the procurement of kinetic parameters can be significantly reduced as compared to conventional techniques. Microstructured catalytic reactors are best suited for establishing isothermal conditions even for highly exothermic reactions. If required the flow pattern within reactor channels can be quantitatively described by CFD. The TAP reactor also operates at reduced pressures of 1-10 Pa, and is an excellent tool for ascertaining isothermicity of the catalyst, estimating reliable kinetic parameters, and studying individual steps within a complex reaction scheme.
Multilayered Microreactor System with Methanol
Reformer for Small PEMFC (10)). Today electronic devices must be able to work ever more portably and for longer periods of time independent of the power source.
One way to achieve this is by using small proton exchange membrane fuel cell (PEMFC). There are two types of small PEMFC: direct methanol and reforming. Direct methanol systems can work at room temperature, but with relatively low-power density. The reforming systems achieve highpower density, but are difficult to miniaturize. Kawamura et al. develop a multilayered microrector system with a methanol reformer to supply H 2 for the PEMFC as a power source for portable electronic devices. The microrector system with methanol reformer consists of four units with 13 glass plates. The 13 microchanneled glass plates are stacked with anodic bonding and placed in a vacuum package for thermal isolation. In the microchannel of each reactor, an appropriate catalyst for each reaction is deposited.
The system is designed using thermal simulations to establish an appropriate temperature distribution for each reaction. It can be shown that the microreactor has a temperature distribution approximately as designed. Also, it is possible to maintain the reforming temperature using heat supplied only from the internal catalytic combustor. When this reactor works with methanol reforming, a hydrogen production rate sufficient to generate 2.5 W of electrical power can be obtained.
HIGH-THROUGHPUT ANALYTICS
Ultrahigh-Throughput Proteomics Using Fast RPLC Separations with ESI-MS/MS R. D. Smith and co-workers demonstrate ultrahighthroughput proteomic analysis for the identification of peptides in minutes by using fast separations with submicroliter-sized porous particle-packed capillary reversed-phase liquid chromatography (RPLC) and ESI-linear ion trap MS/MS (Anal. Chem. 2005, 77, 6692-6701) .
Under optimized conditions, the examined RPLC-MS/MS platform enables the identification of proteins from tryptic digests ranging from $1000 proteins in 50 min, $500 proteins in 20 min, up to 250 proteins in less than 10 min. The dynamic range for protein identification with fast separations is determined to be 3-4 orders of magnitude of relative protein abundance. Further important aspects such as direct infusion-ESI MS/MS, problematic properties of capillary RP liquid chromatography, and instrumental considerations are discussed in detail. The compendious results confirm that such ultrahigh-throughput analyses are primarily limited by the MS/ MS analysis speed, and a further narrowing of RPLC peaks is likely to be advantageous for methods that are not limited by the need for a one-at-a-time peptide selection for identification. Use of automatized sample processing, data processing, and analysis is emphasized to be imperatively necessary.
Desorption Electrospray Ionization Mass Spectrometry for High-Throughput Analysis of Pharmaceutical Samples in the Ambient Environment
The recently developed technique of desorption electrospray ionization (DESI) mass spectrometry allows samples to be examined in ambient environments. R. G. Cooks and co-workers describe the use of DESI mass spectrometry for online high-throughput monitoring of pharmaceutical samples formulated as tablets, ointments, and liquids (Anal. Chem. 2005, 77, 6915-6927) .
The most advantageous feature of DESI is the in situ analysis of arbitrarily chosen objects in a minimally invasive way. With this, ions can be generated directly from solid surfaces of various types, and liquid samples or ointments are examined after deposition on common filter paper. For a comprehensive evaluation of the methodology, the effects on analytical performance of operating parameters, such as electrospray high voltage, heated capillary temperature, solvent infusion rate, and solvent composition, are optimized and discussed. In connection with a homemade variable-speed moving belt, high-throughput sampling with rates up to 3 samples/s provide reproducible qualitative and semiquantitative information on drug constituents. Important drawbacks for high-throughput methods like high relative standard deviations or carryover effects are sufficiently investigated. For small amounts of active ingredients in the presence of matrix, tandem mass spectrometric experiments can also be done in the same high-throughput modality.
BIOAUTOMATION AND SCREENING
Targeting Chemical Inputs and Optimizing HTS for Agrochemical Discovery
In vivo high-throughput screening has been adopted by most large crop protection companies as an important tool for the discovery of new agrochemicals. There has been a paradigm shift in capabilities from screening a few thousand compounds a year to several hundred thousand, and the quantity of screening samples required has fallen dramatically. The unifying goal now bringing together screens and inputs is the need to maximize the flow of useful information from HTS, and thereby minimize the time required to discover robust leads and new products. S. C. Smith et al. examine the positive changes that have occurred in targeted design and selection of chemical inputs for agrochemical discovery over the last 10 years and corresponding developments in HTS assays, data analysis, and the logistics of compound storage and dispensing (Comb. Chem. High-Throughput Screen., 2005, 8, 577).
High-Throughput Screening in Agrochemical Research
The demand for new herbicides, insecticides, and fungicides has led to a steady increase in the number of compounds being tested to find novel market products. To keep pace with the rising workload, HTS technologies have been introduced. In agrochemical research, miniaturized in vivo tests on whole real target organisms are now possible and are an integral part of the screening cascade. A complementary target-based in vitro HTS has also been established in agrochemical research. Because the target to hit to lead progression remains similar to that in pharmaceutical research (a complex and risky process), the implementation of novel bioscience technologies has transitioned to an integrated innovative agrochemical research perspective. K. Tietjen et al. give an overview of the various approaches (Comb. Chem. High-Throughput Screen., 2005, 8, 589).
LIMS
Overview of LIMS for Pharmaceutical Industry
For more than 20 years, LIMS products have supported business processes in laboratories. This article explores high-level requirements of LIMS in life science applications of pharmaceutical R&D, production, and quality management. LIMS product trends are discussed and compared to generic systems, a newer class of flexible and adaptable IT solutions. Generic LIM Systems, individual software developments, or standard IT solutions (COTS ¼ Commercial Off the Shelf) are compared. The article views critical factors for success and costs of COTS (LABO, 2005, 11, 55-59) .
